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(54) SEMICONDUCTOR LASER ARRAY AND ITS PRODUCTION. OPTICAL INTEGRATED UNIT, OPTICAL 
PICKUP AS WELL AS OPTICAL DISK DRIVE ASSEMBLY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To integrate refractive index guide type 
semiconductor lasers varying in oscillation wavelengths and to form a 
semiconductor laser array by disposing a first laser element part which 
exists on a substrate and releases a laser beam of a first wavelength 
and a second laser element part which exists in parallel therewith and 
releases a different wavelength. 

SOLUTION: The active layer 214 of the laser element part 240 of a 
wavelength 780 nm is formed of a MQW structure consisting of 
Ga0.9AI0.1 As well layers and Ga0.65AI0.35As barrier layers and the 
active layer 224 of the laser element part 241 of a wavelength 650 nm is 
formed of an MQW structure consisting of In0.5Ga0.5P well layers and 
In0.5(Ga0.5AI0.5)0.5P barrier layers. Refractive index steps are formed in 
a transverse direction by the combination of third clad layers 218, 228 
processed to a projecting stripe shape and a GaAs current blocking 
layer 231. by which the laser element parts 240, 241 are formed as a 
refractive index guide laser. The laser element parts 240, 241 are 
respectively applied to CD disks and DVD disks and are used as LDs of 
optically integrated units. 


233 

219 / 232. ZaZ 
218 \ /231 2 ? 1 

\\ 1 I i 



LEGAL STATUS 

[Date of request for examination] 06.06.2001 
[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2000 Japanese Patent Office 


(19) B*H4#fFJ? (JP) 


02) & m ^ W? ^ *S < A > 


#112000- 11417 
(P2000-11417A) 
(43)&H B ¥j£l2*P 1 n 14 B (2000. 1. 14) 


(51) IntCl. 7 


F I 


G 1 1 B 7/125 


G 1 1 B 

7/125 A 5 D 1 1 9 




8SjRJI<D8c19 O L 20 H) 

<21)fflg|#^ 

^710-181068 

(71)ffi|gA 

000003078 





(22)fflKB 

^10^ 6 /3 26 B (1998. 6. 26) 


#3S;ilS;ilKfW^K«MI|BI72««J 



(72)fg«# 

i*g «J — % 




»*;ii»;ii«is#K«iJii»r72«« «s£& 







(72)56W* 

* - & 











(74) A 

100064285 










mm 

(57) 

[MUSI #«[fiS©Kttjl6&*¥*#U— tfTWR 

#1/— if ©^n^ntont^j^- kimii. mm 
j;a«&a*tax*-iB UTfr 5 c: £ k <t o u v y 

X^<=>©M D7t£— ffRfflCjfcddT 1 5=-y :/±<Z>P DT 



(2) 


4#H2O00-11417 
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t^mt-r^w*^ 1 s^«2 \z&m<D¥m&\s— tf 

[M*3S4] GaAsSfe flf»E»R±fcl9!tt&ftSi 
1 OSfiOl/- tfftSrSfctBf 5*1 ©I/— if^SKt, 
l»HBS«J;K:SW*&*U»BB35 1 ©ifcfttttJIfcSJB 2 © 
jfcfiOU— tfftSrfflEMI 1 ©ifcB©U--1fft<!:Kg¥fT& 
*lSlt:l«Bn«2©l/- tfSR^aJt, £*rf-2>¥*# 
U— !f 7 U"f ©SSit^rffiTafeo T, 
G a A s 2£8©±iB©-ffl5K:iWSBSS 1 © U— If 3lHH»* 

MEG a A s 2MR©±®©fl&©— «KflnE» 2 © U— tf 

m^&mifcrzmKDZyv KBtsttBtt^©* 
77 KB©y^;u^\xDfi$jg^^-r-5iSi, 

MESfS 1 © U— tf s!i^SB©MEfil 20^77 K«<hME 
«f*^a50l»8E»2 0^5y FB£*flTOIC 


MESS 1 © 1^— tJWWtSWBJI 2 © U— y*^ffl5Jc* 
MESS 1 © U--!fjRTa&£flWE& 2 © U— tf m^Ut<D 

SttAfc Z. £ if tf 7 Wf ©MB* 

& 

[»««5] MEfgl©fefite. MESg2©fegcfcDt> 

s<, 

ME* 1 ©U-tf*f^(IME^:/;^^nlM*»J* 
T-5X@«. tfSSiTSI^ME^JI^-r 
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t-rzmxm 4 e«©¥«# u— tf 7 k ©iait* 
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tlTPo/iSI 1 ©MOft^B 1 ©lHj#fftST"[H]#r£i2\ 
ME* 2 ©jgft© U— tfft©-5 -feT^»fc*HTSJ* * 
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$ 1 ©Sft© U-tf3fc£imT£2FI*JKtttH-r*flS 2 © 
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^WT-STt^Xi' • ->XrA, «Atf. CDifcttC 
D-Ri©S«l14*5t«bfeDVD->X5 i A{Cffl^T» 

[0 0 0 2] 

DVD (Digital Versatile Disc) yXfAH 
'AVtttCDA— tf— , ROM, RAMS:i*©±iStfflyXf 
'AiLT, -t©*ffl<b**«iafcii*6nTV»«>-. — 
fT-fX^tlttt, t^^^CD (compact disc) j> 
X^Afe-St^tSCD — R (compact disc-recordable) 
^X7A/W£<«RUT:i3 9. DVDyXfAtt, CD 

DVDyXrAd CD^CD-Rfflr^f X^tC^t 
LT fe^-^ ©M^H 0 J S>##&*£^&6T#5 <fc 3 1C 

[0 0 0 3] Z.t\t>(Dyt^j • z/Xt-AIZ&^X 

?rfT5fc*JC, If (laser diode: LD) £ 

m Weft My^Ty 7~1fim H6ft5. 

[0 0 0 4] ^©DVDvX^AWTttT-y 
^ 7 v -ft. LTaagStlTt fc©©A^W^Sfig^iS 

CD©T : ^7.i'lC^UTS^tt^Wr?> ; b©T*.l9, D 
VDffl©M«i-7 M 0 1 CDRtfCD-Rffl 
©7tm«^--y h 1 0 2 t^*T^>o 

[0005] Dvumytmrn^-y h i o l^stB&ts 

tl5iftfi6 5 0 nm©l/-y ! )t^^O'f7i' • ^'J 
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X*A 1 0 3£iIi®U Ml/>X10 4, £^±#5 7 

-io5. ttfis^ttiso io6, vmv>x\ 07^ 

iaLT7tr^X^10 9l:IT5. CDffl©7t 
h 1 0 2#>£ftS!*£tl5iftg7 8 0 nmffll/ 
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fflO6 50 nmU- J tffttte&mVffl&&tciiQ. CD 
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[0 0 0 6] x.fX^SOROfttt, fffi«i£« 
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[0 0 0 8] ZZIZ, inf,©±*Ctt, 0?rcLftH7fc 
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[0 0 12] S&. «e*©7tfcfy?T 2fH©g 
SS^a^C; M01, 10 2 Stt5fc»l:. 3t 
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4#1C. DVDTHLD- PDWP± 5«m, 
±0. 5° <0«fiHrtK»*C4:*«Si*L^. LDtUlt3te 

So 

[0 0 13] TtifSflP-X-;/ h3W2»«SnTV»* 

fi**»W*TS *y-MV3 DVDyX fAM 

U 02 6^Lfc<fc5teft*©*igT«, £©<£?& 

[0 0 14] #3SW*, jto&»Sj&fc§B*T&*nfc'b© 
TSSo Tft*?%, *©BWtt*«fiS!©!«tt1!fe&a¥ 

[0 0 15] 

ftU-ifTWIt GaAsIfc m!fBS«±lc^tt 

en* i ©&s© u— tf3t**a-r*» 1 ©u— swf 

m 2 ©&g© U— tf ^^mfSBm 1 ©ifcB© V— *fft tBS 
J FfT^|6lt4femTS^2©U— ifsR^a-t, 
WIE^1©U— tf*^Wtt. InGaAlPfl^77 

m!f2?Stt«©±lC^:lt?>nrcI nGaA 1 Pg2^ 
5yHItSWU mmm2<DU— mmttt. InG 
aAlP^l?77Kit. WIBm 1 i7 ^ y K«©±{C 

UMtenfcffittJit. mmf£&m<D±izmiit>ntz i n 

GaAlP$2^77l ; ii:^l>, MGflllOU— if 
JfcToWoflJE* 2 i7 7 y K JB©JBJ» t, MIB^ 2 © U- 
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[0 0 16] Z\Z\T, fflHE^lOU- "tfSlFpaUDflMBJS 

ao«UEStt»tt. InGaPiS^tS»«tt 
5. 

[0017] fWIEfg 1 © U— tf m?W<Dffi&$& 2 

[0 0 18] iWIB»l©U--!f* : ?tt©ffinE£2 
CD i7 ^ y F Jf £ . mJfES 2 CO U— tf ?SITgB©j!fJfE|g 2 © 

h v-i -ftzn. m&m 1 © u-ifsimw>iWB 

U -y ->*«X h T'COSfftHtltB^ 2 CD tfSi^gB© 
MfBU-yv«Xh^-f 7 P CD»/P<>:^ Kra— (HI 

e$ i co v— ysd^asoaraa u >y v«x h^^^tmm 

m 2 CD U— tf ^gPCDMIE U y ->*ttX h ^-r 
nfc-5-CDKfiiJ^«dSffiJi:SlC«i; D««>a$nTH-5 H t 

[0 0 19] mJfBfgl©feft£MfBSg2©j2feft<h 
CD¥^ffi^A tLfeBt(C, A/2£fc«A/4©«?£ 

^©SHBi tftJIBfg 2 CD U-tf *^W©Wffl£lC-tn-£ 

[0 0 2 0] -7j. *I8WCD*^U— ifTWCDSaii 
TjSW. GaAsSSt, MSSS±ld|S:tte»nMlCD 

&s© u— if 3t*»wr*» i © u-if *^gpi. Hfria 
s«-h(c^ij-^ntaia^ 1 ©&g<>:ttg&ssi!2©istg 

CDU— tfft£ftii2Sg 1 CDjgftCDU— tfft£0S¥fTft?j|S] 

•tfTU-TCDKigTj^TafeoT, G a A s *«CDi®CD— 
gBlCilfrfBfg 1 CD U~tf * : HSS#lJS'rs» 1 CD^ y y h* 
• £J8ttJifcSS2©*7y K«cD^Jl/^n1«ig^^ 
m-^TMti. HfltEGaAsa«CD±SCDffiCD-gCf'Bir 
tESg2©l/~ Sfi*HB*«lfcTaiSl©*7y HltS 

is <t , mzm i cd u— tf sit gpcDBtriam 2 © 9 7 y p 

BtMgBJg 2 CD U— tf *T »©«||B» 2W5yHlt 

fcxh^-r^^n-?-*n^T«)XSt. HijfBfgi©^ 

— tfsJS^gBtflBBSg 2 © U— tf*^gBK««EElLJ12:ra 
ffiJfcjg^T^XSt. itMBIf! 1 ©U-if^gP^HfllB^ 

[0 0 2 1] C^T. iiMBSg 1 ©jfcSte. BfJfSfg2©& 
««fc 0 fcfi < . mlfBSS 1 © U— tf SB© ffisd.?Zf)^ 
t- nffiTtZWlfc? SIgtt, iOTSSS 2 © U~tf j^W© 

nz>z\ 

[0 0 2 2] iiflsSSg 1 © U— tf *^»©1WBB» 2 


— A>h©»flW*3 X 1 0 17 cm~%TF-C£>-5C:££!|# 

[0023] MfBx h^-r y^n^nj&errs 
miHBis«. Hfrsafg i © u— tf as* &t mrfssg 2 © u- 
•tf *Ta5©^n^-*ntri9:tt tifcx ^ > ^ x h -y 

[0 0 2 4] BtHBMl©SS«, 7 8 0 nm£4> 

i^tL, iitBS2©jfcg«:. 6 3 5nmSta6 5 0 n 

[0 0 2 5] *58W03tt*BlJ.-y Mi. 361© 

m<du— tfftsr^aj-rssf! i ©i/— tf*^ffit, h9ib 

£ 1 ©Sfi<httSfc*SS 2 ©&*© U— tfft£itfrfESf§ 1 

©is*© u— tf 3t t«mf JtoErie«ctttii"r sib 2 © 

If sjiTgRt. sfffB^ 1 ©feS© U— tf ft© 5 ^T'^gPlC 
*5 ^TRW ^ tlTMo fcm 1 ©M 0 ft i: mfSBM 2 ©&fi 
© U— tf ft© a ^T^a5tCi5^TS*f ^tlTM^fcm 2 
©MDftt^aiT^m^et. 

[0 0 2 6] Sfctt, *5£W<Dftmm3--v bit. ?&1 

©&«© u— tfftfcttffl-rssg i © tf m^ii. m 

aim 1 ©SfitimsH 2 ©&fi© U— »fft*WEIB 
1 ©SS©1/— tffttBS¥ff^7j[S]lC^m-ri>m2©k 
— tf mT gPi. WtB^ 1 ©&6© l^-lfft©5 ST» 
C*C»TS»SnTS-3fcJB 1 ©R Dft<£m 1 ©m#fft 
«T-0ST$i3r. t(nE*2 0KfiOU— tfft©5ST^S15 
l:*UTfi«SnTRofc«2 OS 03t*ilffl!S 1 ©HI 

w ftflit ttji&s* 2 ©lasfftSTimjf ^-&sft#^a 

HtJlBft^¥©(cJ;oTllI»f$tlfcmJlBmi©MDft 
ttulB^ 2 ©M Oft OttUMfc«K*V»Tlftm 

[0 0 2 7] Sfctt, *^HJ©ft*tto.->y h'tt. ftl 

tfft*»ai-rsjgi©u— tfsis^at. m 

IBS 1 ©iScS t ttSfcSiB 2 ©jgft© U— tfft**JCSB 

i ©ses©u— tffttms 3 PfT^isjtc*wr-5S2©u 

— !fWgPt. WfBS 1 ©&S©U-ifft©5 ^T^g|5 
tfi^TSWSnTRofc^l <ORDft**ffi-r*JBl 
©^m¥©<h, Ht[fBS2©&S©U~ifft©'5-feT^g|5 
KiS^TKS* StlTIo fcS 2 ©K 0 ftSr^ffiT-SS 2 

[0 0 2 8] SfcK. *^OM»aryKt Si 

©fes© u— tfft^m-rss i © u— tfjRTfft. m 

fBSS 1 Ojftfi4:tta>a:*» 2 ©^S©U— tfft^SfrfBS 
1 ©&fi©U— tffttBS^ff^|6)tCStmT-5S2 ©U 
-tJ"«f»i . MISSS 1 ©jg«© U— tf ft© 5 ^T^gS 
C*5^TS*t^nTRofcS 1 ©M0ft£fg 1 ©IhIStA 
STEHJfa-S. fl«E»2 0jftfi©U— tfftO-5-femW 
fc*s^TRI*anTRofcfB2©R0ft*fiOTE*l ©EI 

sf ftse t taaassB 2 ©nijf a^thut $-&-g>ft#^©: 


(6) 


4*1152000-1 141 7 


[0 0 2 9] Z\ dT, lWIBSgl Ottawa t»JBS^ 2 O 

^-r k© o © ^-rn^Tfes c t *n*«frs. 
[0030] sit. ^3cojsscou— tf3t**m-r** 

[0031] * mifefg i co u— yrmTmt.m&m 2 

COW— ifSFP»£tt, RI— ©36«±tclfc«*nfcW— 
[0 0 3 2] iKHBU— tf7U"f tt, W*^ 1 ~W 

#m 5 co li-rn^ ciaRo^MW: u~- if 7 i^r 5 c 

[0 0 3 3] ±®±IC4>&< ifettttJOgsSW 

«i!fJtB-> U ^ >g«©t(JBB©M©T<B<J©£®©-t{ci5^ 
T, mTffifg 1 OjRfiCDW— tf3ttS9E»2 OjRfiOU- 

©ifcs© i/— if yttmm& 2 ©fes© u— tfftsntaisa 

[0034] mtz. mmye^mz. tfn^A*^* 
tt^^i^tts, swasn 1 coafcStt, 7 

8 0 nm^-ttl, MIB^ 2 ©&g«, 6 3 5nm, 
6 5 0 nmRtf6 8 5 nnKD^-Ttlfr&tp ^ttl> £ t 

[0 0 3 5] *»W©3tey^7y^tt. itfJi£© 

*lfc7hi. iWEJBlOftfiOl/- tfft©?t>T 

n»»r*^Tsa*snTRo&fB 1 ©RDttssei ©0 

tfr3KT[e]#r£-tf\ WB£2©jfcR©U--!f3te©:3 5T 

oia#fft«tttiia:*JB2oia*fft«TiHi«TS-a-s3t^ 

[0 0 3 6] *^BJ©Jte-yi7T-y7«, 

3 mzm 1 ©&«© u— tzimm$& 2 © u— tf^t 

[0 0 3 7] -ft. *SS9l©3tea^X*K»£W;):. ffi 

i$©^-rn^©7t tfy^77 Afc ci t tMtt 

[0 0 3 8] 


[0 0 3 9] KTffllSiiTH $1", if&m<T>%\±v Z 

7v-ft.%mm.=i-- v h\z-D\,*xm.w?z>. ^vmz. 
[0040] £kt> mmzmmis-D-D^wnnmom 

m\Z-3^TW.W-rz>* mite. *5tW<Dft\z°v{7TyX 

DVDfflffli56 5 0 nmSfc«6 3 5 nm©l/- tf^t 
tCDffl©«5:7 8 0 nm©U— tf^ttt|SI-©^« 

h i id>^m*f^n-&„ z\nz<D\/— *fmz. n 

■J*-h • lx>Xl 4, 3£*>±tf$7-l 5, ifcfiSiR 

i 6 , n^sv-yxn ^vx. ^n^en. cDf 

-YX^ 1 8JfcttDVDf^X^ 1 9\zm-?Z>. 
[0 0 4 1] 3U^-h-l/>Xl4tl LDTt^Tt 

?z>rztbaau>XT. ^©NA«iis«o. i~o. 
i 5©igHi-rn«^^„ nmvyxi 2 a, 

[0 0 4 2] *5£W<DXii*v?7y7&m2 

[0 0 4 3] i2 (a) (b) tt, *^BJ©^»«^ 
-yMl«, LD3 li^tB«PD3 5i:^t5. S 

e>fc. RB (a) (ci5^T«> ^tmm=L-y hit^m 

S3 3t>*bTt^<. LD3 1I1 65 0nmt780 

nm© 2 wm<DM<r> u— *fyt*i&.tt>rz>. 

[0 0 4 4] 7tffS3 3H LDfr<=>©fcBW}£teSi! 
x-f Xi/^6©M07tSr^fflfflPD3 5©@«I&B 
t'SfiT^-B:^., ^©i^Mf?S3 3tbT(l 

»j wmyt&i <Dm^\z\t. #M7t^n^ 

7Af^ffl^5. — 13. ^Wt%\ ©«-&JC«. 1/ 

^X^TJKWLfcMO^tt. l/4jS«ffi^a«T-5^ 
tfCiO. 3tthf-A©fil3to&I^*«9 0° @e-r^©T, 
iS^n^^A*^(c<tO. 8**A<lHlSr*-a-SC:t*« 
a«SS*^^4 0%ifi<STig*^>C: 

0%llTfe-5o 

[0 0 4 5] d©J:o^7t^©3 3T^^^Dif^ 
A^^«, B2 (a) (C^L^cfc5JC^«rL-^ h 


(7) 


#1182000-11417 


1 1 £-mzWtT*>&<. *fctt. EI2 (b) IC^L 

Atf. =1 'J f- • U->X 1 4 i&^iitfS 7-15t 
£%Jbtf 5 V— 1 5 <h&0 1 6 tflDW. **H 

i 6 ii%mvyx \ 7 t<Dffltj.&zmftTh& 

aT©R«TH h 1 1 \Z*U1/7A 

[0 0 4 6] *^BJI'*3t,iTfflV^-5^«h^T*^«)5f;a ; y 

©M 0 t£© 5 % T»«©Jfc»©igSf 3t*«|fflffl P D 3 5 
©BSttWcBSrSli:. 3U/-h • U>X1 4©flUB 

tt. flft*©*^*****©*^. ^-©*B±©m 

\zmmz n&eam»* wrs««i3»f ttTSffl t» * - 

[0 0 4 7] MfflPD3 5ll «(Cp3z!i-r-5=kofClS 

0^bfc^J(C*5^T«. 7 8 0 nmU— if7tt> 6 5 
0 nmU— tfJtt), ra-©^mfflPD3 5T?5KtTS. 
[0 048] LD3 lfrSafctHSttfcU— • tfTttt. *n 

■5. h • U>Xl 4tCJ:0*7t^n. 

t"-5o I^BUCiS^T, X«7^^Xi7©h^-y^hf>y h 

3 3 TEltfrSn, ^ffiffl P D 3 5 fC AttT*. 
[0 0 4 9] *^BJ©7t*«^---y h 1 1 (DYfm 

*ist>\zi£mmzWLW?z>. S3it *%w<Dmkm3- 
-y b\z&vzyt<Dmm*fm-rz>tcit><Dm&m-c& 
z>o -r&fc^, mm (a) i3.-&mt£-fcu#7Am?iz 

«t*3tO0Sf©»T**-r»fcS:HT*O, IHH (b) tt 

£"3*. *D^7Alf3 3(l — ««fctt, 0 
3 (a) \ZtpVTc^3\Z. Jl7XU£<Dmytmm<Dig. 

wizMtfmmmzmmvitmm&T&m'rz. z.z\-c. 
A#f3 3*aiLTiajtr*ojfc3tj«»3&«#ffir*. 

U— t)-*7t©&fi£:A tLfcBtJC, sin6» = nA/d 

(i) tssna. ^cit-. nttSERT&o. 
tihisto^j tn?«n-5. 0 3»cfciiT«. i*©(hi 

tfrfftib*., n=l ©Biffin O^DfcTtS: f 1 ^0St 


[0 0 5 0] -AiZ, W3 (b) ^#figb^o*:^BjCD7t 

b\z£>tf2>ytom& : £:m.wTz>. mmzis^ 

Ttt. DVDffl^X^IC^fLTttiSfie 5 0 nm, C 
D (RtfCD-R) fflf-fXi'CSlTliiSiSTSOn 

n©fcs©?t«. ld3 z\z\x\ l 

D3 1I1 5 fc. Bf3£OWIH-C¥ffKE 

*. LD 3 l^^ttiWLfcl/— y-*7t«. ^P^^A^ 
3 3£gjgLTIS]^L&U^X^{;:jiT-5,> fbT, 
TV^^SOBSOJtett. tfD^A*? 3 3*a»U 
fclg. -€■© 1 ^7C^mffl P D 3 5 ©3r^{4StC <h* 5 

^ftP'J^-H • U>Xl 4, \L*>±.tf 5.^—1 5t£ii 

A*f3 3tt. LD3 lt3U X — h • V>X 1 4 <h© 
ratCgEBLTt>&<. 3'J^-S-1/>X14 
££^±#$7-1 5£®lffl-*\ AL-fe±tf5 5-l 5i 

[0 0 5 1] 03 (b) *n^5A 
^3 3tC«tOMD^lHl#f^ns^, WkE© (1) 5£ 
fr&BjJ^&i^tC, 6 5 0nmiO7 8 0nmU-+f 
3fc©#**|§lSTft)&**:#H. fcT, 6 5 0 nmTt (3 1 
A) ©t*-Af^(C*fLT7 8 0 nnOt (3 1 B) fcf- 
A'f-C^STtffl P D 3 5 S-*ft-6nK**ffl8fcE«U 

{CT#S. -T^^. ^tBfflPD2 4±Tll-©^«tC 

[0052] mmmuMx-it. LD\i-Amm.m^2 o 

Ojim, 6 5 Onmt*— Atp'C>3 1 AtS7tfflPD3 5 
ffl4>^iO|g0lgi€8OO/im> LDt*a^7Al 
?3 3<h©F^PS^5mmtLfc*^»r«, *Dif^A^ 
¥3 3 ©iffifef ffll'Mf 7f5 3 (imitntfg^. 
fit, *»WttCCD«fSg©*^K|8J&&n**>OTtt«: 
<. LD tf-AIBBS^»S3tffl P D 3 5 &®ffiBMffft£ 

[0 0 5 3] {ILL, mffi&f-CDtfy?-^ LD3 1 <fcg 
TtfflPD 3 5 t©ffiBW«fti:*S3SIW)a:«t-r«fc«> 
»Ctt, LD3 lOtf— A ^3 1 At 3 1 Bt©MH 
tt. tttoftl 0~^1 0 0 <tmttftutiJtMtSn 

L^L. L D y C © «k O fefR/hfeflimiTtt 

^•5©«^Ttt^CV^ *Ac, -en-¥ : n©LD?>y7 p © 

Jt#MlJL-y HK*ViTf4, Z><hO©LD7 c ^7 F lC2a 


(8) 


4#M2000-U417 


[0 0 5 4] -A\Z, S3tfflPDICOV»TBiWr*. 0 4 
(a) tt. gftffl P D 3 5 <DMtt&¥-ffim-C$>2>o ^©<fc 

T*S. fOTPD3 5©4#9Jffii|g3 5 a, 

3 5 b, 3 5 c, 3 5 d IC*HT£3BB»E I a, lb, 

Ic, I drt^feb-gxhT-So ZlCDBt. h7 7+>^X7 
-« (Ib+Ic) <h (Ia+Id) ©^taSK^D^ 
ffi-e#5. 7*-*Xl7-IJ (Ib+Ic) - 

(I a+Id) OiEfkitmz&D&mT'&Zo 
3 tf-Affi^yy^oL^Wii'lCctS H57^I 

(Ia+Ib+Ic+Id) 
[0 0 5 5] 04 (b) tt. *ni/7Aif3 3 0fI 
«t^0T?^S„ £©<fc?K, *P^5AI?3 3£itl& 

7^X^©ffi#&<^#T£ff^g£&eT#£>o 
[0 0 5 6] 0511 h©gg&f» 

fc*Mtt*wmmm-z$>z>. xfA©ifi3 8©± 

©#MKLD3 lffl^£T-79>h$ntl>5, S 
fc, h— h-»^4 lCLttCWu MPD3 5^7i7 
>hSnx^S. Ifi3 8(l «»Jx«3A— Mz&vm 
k-h->>r7 4 1 «U OTAtfft (Cu) > 
i^Xf>i (W-Cu) ^»CJ:0«^Sn-5. Sfc. 
L D 3 1 ©WBWcte, ^EX^ffl P D 3 7 jWRttSn, 
LD3 lWffi^^X^LT^-bVN'^frJPT?^ 

— k 3 9*»j6MiK:j6i;Taa!tt6n, Hwban7-f7i: 

iD, LD31tPD3 5, 3 7 -hillUgi^SnT^ 

[0 0 5 7] LD3 1A^I1 IH^LfcJ:^^, 21^ 
©fc6©U~ tf7t3 1 A, 3 1 B^tB*f-T^>. LD 3 1 

€:k-h-»^4 i \z®fc?z>tcit>\zit* ;in<=>©}tt? 

-AOftfitnA«±0. 5° SkT£UZ>£?lZffll£-?Z> 
O^'ISbK t^fflPD3 7H, LD3 1t5> 

6 2 ««!©&*© U-*ftfc#HI5fc5«teT*#Ka*fc^ 

[0 0 5 8] LD3 lfr£ffijtfLfc7fcfc*-A«:> 0*L 


&^7t^£?>LT7^X^K«fcDJK#^n. t©10 
7t#t0^L&^*a^A^T[Hlffi$n. 
1 #® JfTTfr^ffiffl P D 3 5{CM-S>. DVDv-X^AC: 
iSV^Ttt, h^y^ tf>y^/h^V^cJ6{CLD 3 1 
tPD3 5t©tlW&i (X, Y. 0) ©Sf&OBjRfl* 
ML<, ±5 Mm. ±0. 5° <D$mfo\Z&Z>Z.tWm 

jlk ms\ZK{stzwm\zm.iLtz.'mz. brsl&h? 

[0 0 5 9] 04/i£iC^Lfc*D^7A^3 3«, 
CK7)^tC^tHfflPD3 5lC*fLT+^firg*gST^^ 

v7v>±\zmman2>o fiu *n^7Ai?3 3n 

[0 0 6 0] ddT. H5K*L^ft#:W»C*V»Ttt, 
L D 3 5 tt*a n b- h -> 4 1 L£ 
$Jj££StL£:„ L#>U DVDfflffl 6 5 0 nmyt<DM8£ 
<&mzU-?-iS>tf'pt,Z.^(DT\ L D 3 1 ©Mf&iftttS: 
^LTfc&SLfc^a^lJT&S,, Z.(Dtitt)\Z. LD© 

[0 0 6 1] 06H iLWJ^&T-.yXlM K • 
SS5 0^LT, LD3 1^7<y7 f +l-'r h* • y^>® 

©tmiUTtt, ^J^.«^bTJP5X^A (A IN) £ 
mtf2>Z\ Z\<DW&. L D 3 1 CD p {BIAS t. 
nllitli -?-tl-€-*nU-h*3 9\ZV-(Tmz£r)lg 

[0062] &\z. *m\e>?&3v>&fcm\z^xmm 

-So T^*)*.. mm (a) L D 3 1 ' 
2t3C0f-A3 lAt31 BcorflHS:5 0 (imSTSiS 
0 4 L it ^<T 2 -3<© fc*- 

av>f^f7^!i^fflS0)ieH Jfrn^ASil^ 3 3K1J; 
SlHl#fft«Ol6lC«toTl£*»*fc»fc. *feffifflPD3 
5' ©±lC*t»T*— ©S^^ttt&sr. t>to©P 

Lfc=t5K> a»OPD*89!»t*^t*«aSUH. 0 7 
(b) ra— ©->'JrJ>*«3 5' ©±tC20©P 

DA7->3 5 A. 3 5BS^fcM*L.&. -tn-^ 
n©PD;^->3 5A, 3 5B(t 40©§M)|Ea 

~d{r^fu$nT^s. c©«tptci^— ©->u 3>s« 

[0 0 6 3] 07©^JTtt, l^-©->'j3>«1S3 5' 


(9) 


#582000-11417 


<D±.\Z6 5 0 nmfflPD 3 5 At 7 8 0 nmlPD 3 5 
B tS»WTRJtfc*«. J tft j etl9\*<D?-y 7t LTfc 

tnmgmzzkfz-ezo A#w»*««**-rt. 6 5 0 

nmt-AC^S lAi6 5 0 nmlPD3 5A©4> 
^©PtSJPBtt^ 1 . 1 mmT&O. 6 5 0 nmt'-A© 
4>'i>3 lAt78 OnmfflPD3 5 B<D<P>bii<Dr3miZ 
mi. 3mm, *D^7Alf3 3 0@*r»fOi^i; 
•^Bl!)3wni. LD3 1* t*oy7Ai?3 3t© 

[0 0 6 4] S»C*P^7A^3 3tLD3 1 tOiE 

4>3 1 At3 1 B©wrftfc6 5 0 nm£fc«7 8 0 n 
mtTSCtanfi**,, 

[0 0 6 5] jfcfc, *aMO*4 0A#«Kt3V>TlttM 
T5. H8tt. *58WO»4©a*«*3{-r»Ja:HT» 

s. Tfttoft. mm (a) a. *^Hj©^««n.- > y h 
©s&tt&ttttei. mm (t>) «. ^-oastsaR^oit*: 

IHffl56 0CjW8W-&*U tOiiBICLD3 1*«?f>h 
SttTH*. ^LT, LD3 1 »&(tttt Lfclf— Att, 

f 3 3^jiL.T0^L^£t^^^LT^i'Xi7(C 
r^^f^5Ol0)tlt #n if 5 A3*? 3 
3(CcfcOIsl*r$n, *R6 0<D±K:BWt6nfc«WlfflP 
D 3 5 fcAtfTS. 60t LTte, U 3 > 

tfl7f>^Hi»)M^n5 (1 1 1) HSrfflViSC 

[0 0 6 6] **#:^JtCi3^Tfc> LD 3 1 ZiZCtbt. 

[0 0 6 7] &Lh, J|fr«£#flBl^:3*SS«©3fc*&f» 

flIAfi. t>tO©LD^v^fC30CDftli^dt«« 

tt, 0tJ3.fi. DVD-ROMffl 6 5 0 nm^itDVD- 
ROM7B6 3 5 nm3ttCD-ROMRtfCD-R17 
8 0 nm3t0 3«ISS*aU*:LD*ai-»f-&^d:*«T* 
■5. DVD— ROMffl 6 5 0 nmJttDVD-R 

AMffl6 5 0 nm)t (»#ii*fflMm*3t) tCD-R 
OMRtfCD-Rffl7 8 0 nmft© 3fflgi£jfi«ILfcL 
DW^Ct^TfS. DVD-ROMffl 6 

5 0 nm^CD-ROMWCD-Rffl 7 8 0 nm* 
m&tiiLMItt) tCD-RSt/CD-RWffi78 0 n 


mft <»*&*JB*iti*3te) ©3iS*««LfcLD$: 
[0 0 6 8] 6 8 5nm#fifflifiSfflLDS« 

[0 0 6 9] 'A\z. *5£W<DLD?tet>*>¥m#U— !f 

#1/— !f7U-ffi0«BMPrifBBT*«. T&tofc, HSIK 
W*lfc*I*l/-tf7KH |BJ— OGaAsM2 

1 0©±(C6 50nmt780 nm©^-ft-&**l©:)fc£fg 
«T*««»*JliaUifc'b©T»*. **w©»^ja, 

©*5v H»±WSH£#afc«ttT*££K:±D. 16 

«&&#.©#I§£-Jg UT^IfTT^S i -5 \Z bfc £ C 

[0 0 7 0] dCTfi. ftST©MOCVDSW<h«:ifflAn 
XS^t^KffiTS^ttCctD^BJ^t^ofc. «r 

[0 0 7 1] CAT. u0=t5a«^!l/-!f7Kf:o 

TWWCKWT*. 

[0 0 7 2] S9tt, *X9!0Jlflfflia**&8SafcS 
7 8 0 nmt 6 5 0 nm©2 hf-A^U-^TH 
©«ifi**TWflBHT**. WBCfiHT, 2 4 0(11 
iS&S 7 8 0 nm©U— tfsft^SB. 2 4 1 «fggiSEfi6 
5 0nmOk-D*F»Tft5. *©«J«K"3V»T«B» 
mil ^T©$n<Tr*^>. 

[0 0 7 3] Tfcto-5, Hfnok- iftR?ffi2 4 0. 

2 4 1 fcii^Tfc. *1£2 1 0©±K. nl (n-) G 
aAsA*777l2 11. 2 2 1. nil n 0 5 (G a 
0.3 A1 0.7> O.sP&if^V KI2 1 2. 222, I 
"0.5 < Ga 0.5 A 1 0.5 ) 0.5 P ^^ fi|B2 1 3, 2 2 
3. #fi*T#F (multipe quantum well : MQW) © 
ttB2 1 4. 2 2 4. I n 0-5 (Ga 0-5 A l 0-5 ) 0-5 P 
ft#-f KB 2 1 5. 2 2 5. p - I n 0 5 (G a 0 3 A 1 

0.7 } 0.5 P ^ 2 ^^'> ^'W 2 1 6 * 2 2 6. p-In 
0 5 Ga 0 5 Pl'yf>nhy7'12 1 7, 2 2 7, p 
- I n 0 5 (Ga 0 3 A 1 0 7 ) 0 5 P^3i7^y FIB 2 1 
8, 2 2 8. p — I ngjGaj^P + t y~fM 2 19. 
229, n-GaAs WoftffiltJI 231, p-GaAs 
«»ii*JB2 3 2^"C©|lilcW)l$nT^^o 
[0 0 7 4] CCT, &A7 8 0 nm©l/- tf^SK2 
4 OfC&t^Tfi. 7S14J12 1 4«. Ga 0 9 A 1 o ,A s 
#FIiGa 0J5 A l 0-35 Asl^SB<h©MQwkig* 
WTSo — JSF, M6 5 0 nm©l/- tfSR : F«2 4 1 »C 
ii^Ttt, iSttB2 2 4tt, I n 0 5 Ga 0 5 As#^@ 
tin 0 ,5 (Ga 0 5 Al 0 5 ) 0 . 5 PPtSB tCMQWl 


(10) 


1^532000-11417 


m&GTZo 0 9 ©fltiitc&ivrwu axb^^^mz 

JjPX^tlfc^ 3i7?y KB 218. 2 2 8iGaAs« 

mm±m2 3 1 (Dm*-e;}i-&T°Wjfa\z®mm^v7 

tmi&Zri. 2 4 0, 2 4 1 tt)KJBSf*^f-f KU-lf 
^ISntl^, G a A s mSKRBitJi 2 3 1 «*tfit£ 

«3*U 112 3 3, 2 3 4^UT*n*njCW:B 

2 3 5tt»1S2 1 0OKffiKl*aJC»JSjE-r*^t**T# 
3„ flftfiL;fcJ:3fc, U— y'^g|52 4 OttCDr^T, 
^ICffiV). U— tf^gP2 4 1 ttDVD^X^JCffl^ 
-T^*.. mFi£Lfc7fc*«:ix-y h© 

[0 0 7 5] Sfc, 0 9©!-— tfTU-f tt, U— tfijt^ 
g&2 4 OKl&HT InGaAl PJS©i7 7>;/ KJitCttL 
T, G a A 1 A s ^©SttHSrSffl LTV>-2>,6Ti&l#© 

z\t\z£r). -^mmm (6 0nm) iiftft-mm (7 so 

nm) ©2 ««©!/— yr$L&$:MmitT2>Z.ttfT'£ 
[0 0 7 6] #fgWcd;3l/— tf'TKfct. 

-rs,, *5S8i©U'— fTv^mtT seine. ©fijj&K^ 

[0 0 7 7] 02 8 (a) tt. HigftCkSl 1 » 2 

X. 75 1 imSc.1 8 0 nmOl/- »ffgffigB#. 7 5 2 

*«»ft6 5 0 nmfflU- tffMMBfl-T**. 

dOU— y«7U-f«, 2«^©Sft3U— - iffcf— A £3! 

snfc«(«*wra. iifwn*np«(Bi7 8 5, 

7 8 3Stfni»I7 8 6, 7 8 4 LT#£*U 2 

ca-5Ti»»4. affitciaiSLT^s^^^p^ig© 

£©2 

e-Al'-fTWH 02 8 (b) tC^Lfc20©y 

ii©pSMB7 7 6, 7 8 2SO:ngtti7 7 8^1 

t x y ^ > o jg-T C £ K J; o TttSc©^©"?^^ 

[0 0 7 8] -^T. 0 2 9 tt, S>J©H8gg»fi© 2 t*-A 
U— tf7U^r©»r®«lBS0T*S. l^0»Ci>HT, 8 5 
1 im& 7 8 0 n m© U— *f5£ffl&ft-e$> K) , 8 5 2^ 
iSS6 5 0 nmWU-lffgJigBft-T&So 02 8»r^L 


[0 0 7 9] unf.fflilftlffll/-f 

^■>XrAICfElt5^. ffiMf-AWTK^^E-K 
T)frO#jft|ffiBEj&«l& 1 0 wm^TTfe-SClt^S 
*$ni>. L^U 02 8^02 9©¥«^1/— tfTl^ 
-f ©#l/~ tfH^ptt, *«EaA**iWLfc^t©^fci$ 
& rfij^^llKSj ©i^— tfT&D, z:©sst«±S2© 

wzmiRmrt't pmmii-rttmtf&z. m2 8 <D*m 
vim* z. titmmmiz^mx'\tm\ 

[0 0 8 0] Lri^U WH^nfc^^^P^ig^Pg 
tCilPX L U tftl Wz e t£ I » C <h *^ <=> ^ W «M \Z 

e>, ^©uy^^^-Twx^yy^stc^So 3in 

[0 0 8 1] &tc.m<Dfflm}il>T. U—*f7l"1?-yZf 
iC5^H2 8 0#i*U-tl : 7HH ^«S»K 

zr^T<Du-tfm^mz^i,*Tmmtf$kmzt3;z>£o 

\z, nM<D*.&ft x e ? ^ > ^ e> t e tt n 

t - h -> > ? (cfflij 

tt>\z, t-h~>>>p<Dmmmmzti.K>. ^n^*n©A° 
[0082] s^±mmLfz^oummit. e-A»*»* 

'fCt3HTt>ra«T»S. 02 8©¥ig#:l^— tfTU-f 
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[0 0 8 3] RXgftSLfccfc?!;:. B2 8^>B2 9l:fl 
^Xf&<, MiSl8#S*T?i*«*!5t>te<, ftx^ X 

[0 0 8 4] ^tl(C*tLT> *^BJtcJ:n«. U— tf7 

[0 0 8 5] L^t>, U— *f7U1<DmW<DnWV7- 
\Z, «ifiiefc»«rO«r«**-rSfc«>fc, J&BKLT 

[0086] ^tc, ^wmv-^TXs^^mk-fimiz 

OUTiffiBJ-rS. ilO~il8H *5!B^©iji^#:^ 

t\ SI 0t'^TJ:5('. nS! (n-) GaAslS2 
1 0©±fC7 8 0 nml/- tftt^ldiS— jS©Xtf^* 
->-^;HB2 1 l^f.2 2 0$:MOCVD (metal-organi 
c chemical vapor deposi t ion : ^^^Sfb^^CffaJjE 
ft) ftiCcfcOJ&ft-r^o 7S14B2 1 4tbT(l A 1 G 

m (D-) ^77hWY'JtIStt3X10 17 (c 

m" 3 ) m&lzfflU L p S F -/I > F 0 ©B K & 0 L 
[0 0 8 7] H 1 1 Ic^Ufcipfc, figftB©— 

[0 0 8 8] ^tC, El 2tr*Lfc=kp(C, 
fi£*T?. JMWSJfctt, 6 5 0 nml/- tfttfiHcJ:*— 
IOxe^^->tJH2 2 1*^.22 9£MOCVD?£ 
ICctOfigif^. flHt«2 24ttInGaP/lnGa 

a i PiD^mm^nwmm^m^z. tat-tr^s. jg« 

#££<!:/Q*T#-3. #»91#©2U*©»*. £©IS£ll£ 
SlCcfcO$tlC^Lfc7 8 0 nmU— tr'tbHIWXfcf^* 


[0 0 8 9] X.IZ, 01 3 (C^L-/c=t3tC, 6 5 0 nm 

£-£>-&n«6l^. <ICDfg, n-GaAs«220(Ccti9 
7 8 0 nmttil(Z)Xbf^ + v'-v>iUH2 1 1 ~2 1 9 tt« 
HSn-S. ^©&. n-GaAsB2 2 0£2liRMlCl& 
Stn«fit\ WXOIStCctD, 7 8 0 nm©l/— +f 
M^t6 5 0 nmOl/- «f«*£*H— 3£8Lk©giJ*© 

[0 0 9 0] ^tclUl 4lc^LfcJ;pC 'J>r7Xh7 

-r:/£n?j£-f&o ^tveti©!/--^^ 

K, Si0 2 Xh7^7'7X7 2 3 0^Ml 1 
M7?>^fflmt77'12 1 9, 2 2 9&IX 
fg3?^.y FB2 1 8, 2 2 8^mmiZ^y^>{f-r 
Z> 0 Z\<D^y3->tr\$. l7f>Wh77'I2 17 1 
2 2 7STSLfc<i:^^)T^lt$i±?)^i:^T^-g)„ 
[0 0 9 1] ddT% VlMi 1 9, 2 2 9S 

tf*B 3 ;7 ^ ? FB 2 1 8 . 2 2 8 te^E-n^n© If Si 

ir^iSLU. ^©3£«, l7f>^Xh7^12 1 
9, 2 2 9*b&X\ZX.y3 L >?2tl2><DT\ &m^F&<D 

^y^yimm^mzmis.^ t. a-zzfram^iz 

&HTX y ^ > tfX b v ^BSrSX-TX 7f>^nt 

^<dx\ ¥tbmmm\zts;2>j:?izmm-r : £>z&t®g l X' 

[0 0 9 2] &\Z. mi 5(r^Lfc«t5tC, GaAsl 

mm±m2 3 1 £/&R-r3o mocvds 

[0 0 9 3] ^(C, 01 6(C^bfeJ;eitC, JU&ii^-B 
2 3 2 £j&S-r-2>o a^WICtt, S i 0 2 XF7<yv 
X^2 3 0 &lfc£;Lfz.mz, MOC VDj*(C J; OH^ii 

[0 0 9 4] 'A\Z, Ml 7lZ^lsfz£o\Z, ftMM2 3 
6$r^fig-r-5>« ^W1C«, R I E (reactive ion etc 
hing) m*m^TMftmz3^y^>>fTZ>. RfcvtfXch 
UXH ^JA«. C 1 2 tBC 1 3 CDS-&77X$rffl^^>^ 

[0 0 9 5] -Aiz, mi 8\zmi,tzJ:o\z. WM&mi& 
T-S. *^W1C«. «AtfU7H*7ffi*ffll»T, -^tX 
^-'tl® U-lf *^fi5i:»A©«a 233, 234JgfiEL 
*«2 1 0©KB£W«LTJP££ 1 0 0 tf m| 
atCL. ^Itl2 3 5«T5. ^©^. 
m»C*5V^T^4 3 OVlZT'S&ik'&W&n?. £l±m.W 
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3 3,2 3 4©JgjS©«jmAn*ATt>*UXA& 

[0 0 9 6] Z.<D&o\Z\sTWJ$.-£tltzVaL— X 
F5<:/K»LTgitfc:£fiH;:»WU 4@4 0 0wm© 
A-K»«-TS. /N'-OSSHBi. U-^OSItit 

A l 2 0 3 ^*®figLfc <> -€-©Jp,&.te. 6 5 0 nmi: 7 8 

&l\> u©tt®«Ig«$B. i£fi6 5 0 nmfflV- 
•»f7ttC*tLTfJ2 9. 4%T&0. 7 8 Onmffll/-!t' 

SO*^tC^fi-Lfc«-&©«iBSW*«3 0-3 2 %g 

*. LfcAbTA 1 2 0 3 SSi®««ffil£ 2 901/- y*? 

[0 0 9 7] «fcD*V>3ttfcB#*»*ifc«>K:tt. S§ 

CttKttJJB^ifcfi© l/4*-5Vi«0~l/2C97 l fi 

A l 2 0 3 , S i O x , Ti0 2 , Si N x . fc£ 

A 1 2 0 3 (A/4^6#S) /S i N x U/43fc£ft) 
/S iO x (A/4tt9*fi) /S iN x (A/4?t^ft) 
/S i O x (A/4ft#fi) /S i N x (A/4^fi) 

/siOj (A/2 3t^fi) *»rit-rnti, i%m%.mm 

b. LT, i£S7 8 0 nmtr*fLT^J6 6 %, fcg6 5 0 
nm»C*fLT*<)7 0 ZtlZ. 
[0 0 9 8] A— te» fy^ML. t— h-»^7(C 
•7^>N-r^o 119(1 **!S«DiMlfrU— tfTU-f 

ii)t A 1 N+i-T'v^ > h 5 0 S^-LTC u fc- h 
->>i?4 1 (CV<i7> NSnTI/^. if7'-7 r >>h 5 OtC 
te&ttHA-y H 5 2, 3 5 3 *Vt^— - >ifhX$> 
9. *n-fn©l/— y^TgP©p«ffi2 3 3. 2 3 4tC 
**LT&«¥IH3 5 1 lCcfcf9tg^£ft£. H©J;5&A 

tCte&mH 3 5 5 3&J»J*Sn. &H¥ffl 3 56i;iD, 
fc-h->>^4 l©*ffi»;:flM*;5ttfc&*«3 5 7 tig 

[0 0 9 9] *5S9!©JBifcSrftfc*V»Ttt, 
7 8 0 nm©U— tf5R^«2 4 0©JWB*jft*j«Sl,T 
ifclC, ifeS6 5 0 nmffll/- tfS§TSP2 4 1 ©« 

<. 2««OI/-iffilig^m«^T?)i<h^T J #-5. 
©SSte. &ft7 8 0 nmCDl^— y-'^gC©^. #M 


[0 10 0] —mz. V— tf3g^lCfe^T«. #KpS 

7 8 0 nml/-1f t 6 5 0 nraU-f t§ 
H*t5t, 7 8 0 nmU— y©^««SttBOA> 
•V ?:fA<i*t>%:«lC. KJi<h©f?S]©A> h*^r y 

^M^#<T'5)'«i:^T#-S)„ ^©SSSibT, pSJ 

6 50 nml/- tftt, ittiii'yy KJf £©A> 
F*ry^39«/h*<. Pl^7 7h*li:5itLT, Jt& 

[0 10 1] K±i^bfclft^?>, j£fi7 8 0 nm© 

u— *fm = ?&zft\zi&&Tz>zLtiiz£r>, t>wfmm<D 
[0102] £<=.{;:. *^Bj©sjji^(c^^Tfi, $fe 

Kfi£g-r3&fi 7 8 0 nmCl/- tf^pgB 2 4 0 © p - 
f7yKIl:^F-t>^ilS53X10 17 (cm 
_3 ) S&KWffl*-*j&'bSMre**. iiiMLfc<k3K:, 
7 8 0 nml/- if ic&frvrfct. p*5y KB©«**C 

p m y h ffi M Y) <om\zim h »tt**-r * c t 

*RF#. I/~ *fm^2 4 lro^ftJ'I^LTtj. U— tf 
1^952 4 O^Jta^^tlTp h*-/t> K*«SttJi2 2 4 

[0 10 3] Sfc. ^fgWCcfctltf, y-'^gP2 4 

o, 2 4 l©xe^+-> J v;^«©iP*-«H<h^<!fl^l;^: 
fc*ass**i;-r. ^^>h5 o ^©^Mfe^ffi? 

$>-£><> 

[0 10 4] *38W»CJ:n«. lf3(??»2 

4 0. 2 4 ltttfefC+iry^JitpfflWffiS^-r*© 
*Tf7-7'»h5 0tC-7«j7>h^tlT^-5©T4S[|^tt 

A 1 N+i-y-7C7> h 5 0 0*C/W 

[0 10 5] 02 0 (a) (b) tt, *f8WO*i»#U 
— ©3^1g&S7 8 0 nmffl!/- •mtTffiCDttflE 

02 1 (a) (b) tt. *§£m<D*m<*l'- J >f7l"1 <D 
5 0 nm©U— aR©««E->tm*«H4 

e^-T&^i^tC. 7 8 0 nmU— tf*^*^. 6 5 On 
ml/- tf3ll^gP©^fC*ffi©U— *fm?i:mm<DW.ffi- 
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X^ h;U«5mWfC*5^T(l#*fC->>^P ; &— FT 

bite* zrnh^mt^n^nn^y^j-umm^ 

[0106] 022 0 2 3 tt, *«8j<Ogi|© JUfrfll 
lC^-S^Jgfefi7 80nm£650 nm«2 fcf— AU 

9^LAcfcW<i:lli;T*-5^7 8 0 nmV- tfSST© 
i2i'7 7K12 16©f*^IP<lSt2>. 
t-£££»cj;oTU— •tfWfgffiX'^ MH£vj|^£— 
FftS-t*. ttx-rX*«JflfcJH»TU— tf©y-rx*£{g 
«f * 3i t^T^So v>^;u ; e- F© u— tf raft^ 

*»w-Tfflv»-6i6f«*«*s3W. **^t«tn«, ^©& 

5 — 09 t:*5UT^3 9 => v 
FH©JP*2 1 8, 2 2 8te*KHi;jp£Ki£ff-£nT 

[0 10 7] SI 2 4tt» *3S9i©2Ste8iJ©JWM»l©7 
8 0 nmTEt- F. 6 5 0 nmTEt- F, 6 5 0 n 
mTMt- F© 3 t*-A 1/— tf 7 U-f ©#tig£:^-f »f® 
0T&5. 7 8 0 nmTEt-Kl/-1fifgf2 6 1 ) 
6 5 0 nmTEt-Kl/- »fJlHP2 6 2 «0 9 i: IKU£© 
y^P^n^jt^WT^o 6 5 0 nmTMt- F I— 
if*^2 6 3 tt. ffittB© I n G a P»^#F@fc3lo 
3fi D JfcTJ £31 ATZ> Z. £ \Z J; r> T*^~r -S> £ <fcd*T£ 

[0 10 8] #cfc. *^©7t^ X^BftSBtm* 
TUJBJTS. i2 5H ^^©TfcT^X^ggl&glB© 
^D'^ITfeJ. *^ajtcj;n«, 01~08lcML 
TfflftB Lfc =t 5 &3te*»p.:=. 2/ h * fcttft bf y V 7 y Zf 
SfflV^CtJCcfcO. #Jx.tt, DVDr^'Xi'iCDf 
^X^tlCOl^TS&tt^WL. E.-Z»bm&m<D%7 ! 4 

[0 10 9] 02 5l:«SLifc^ttt. DVD-ROM 

^X^ffift&BT&O. DVDffl©m^S4S^t, CD 

ffl ©m*H&a* t £^m-**vfr-r 

[0 110] DVDifcttCD©7tr-f Xi'd F5-f 

tt. -y— *KJ:oTffi£©&@fc:*£»rr-g>. ^©7te-> 
i7~7y~7£. LT, 0 1 ~0 8 lcHLTffi&LfcVvrtift> 

Sfc. ^©Tttf-yirT^^WTtMiLT^ 
0 9 ~0 2 4 CM LThukE Lfc ^■?tlfr<0*m# V— tf 

[0 111] f-rX^fClBfilSnTt^fi^tt, d©7t 
hry* 7 y DftHiatt*. ^©ESt'^x^D 
VDr-f X^T&SfrC Df-f x^t^-s^ 


LT, ^©7ti!i*^©7t5rffl^-5>. 
[0 112] ^ttS$nitffl^«, DVDf-fX^A^O 
t>©T£> 3fr C Df^ X frt> © fc©T& -S^IC J; o 
T, ^rtl^n. DVDfflO^jilftfclJCDfflCDf 

[0 113] 3--T, DVDffl©ft^S«(CO^Tra 
■TSi. 3tev*7y7fc±DftttJ3*lfcflH*ttx:3- 

LT, U MPEG2©ISfc«©«iST 

;i/ZfUXAS^— (AC-3XIJMPEGS 
£) ©SUtT^ltSM P E G 2 tf tt-f^ t 
4&i!W*aLTH«tt. NTSC/PALtCX>3-F 

LTffiTJ^tlSo ^ttBj^U~hTm73$n-5fci*. 

7)^n£©iK-r&©g£-r£. £#© -> 

03iiJffll$n, -tf-#t>^©Tl — *Jl-fj:->X^A£LT 

[0 114] CDffl©«^MS^lC^>^T^T 
5<h, ■7 i 3- F • «iS^n. ->3-y^ • -?)\r-7 • 
U^)lTD/A=l>A*-iS'tJ;0T±P^m$n, >f 
-^^ffi^tLTtB77StlS. |5lB#(C^mm^©3% 
©-tf^=l-F«> CD-G (CD-Graphic) ^O-fe-y+HC 

ct o e^m^t LTtBTa^ns. 
[0115] DVDtcDTtt, -y— ^*«*w^n, 
->x^a^«. cpu{c<fcowiftjp;*n3o 

[0 116] *^(Cctn«> DVDf-fX? 
tCDT : ^X^<h{COtiT51©'tt^ ; frL, J.O/hSea; 

*tT€S. 
[0 117] 

[5gB^©?im] *^0jtt, j^±iK^L^«gtiTSiiisn 
jc, ^•n j en©^C'3^Ty^;i/«i ; &-F$ij^, «gs 

»^i3ct«*ji*j!jDI^-SLTfTP©T. iJV{T?7 

[0 118] *^Bt1©*^U— tfTU-f«, * 

t7s^lT*5. Sfc. ^*®75^afcC©Tt-h 
->>^^\©S!*^BT^t![t>^»tC-r^^<*:^T$ 

[0 119] *^^©*«<*:U— tfTU-f«, 
[0 12 0] ^©J;51C, ^^fCtn^S&S^ffl 
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[0121] $itz> *f&m\z&tni. -tn-^nou— y 

fi£©fcS!>©I ^> v'tDX£fl5ffl& < BS^fCfT O Z. t 

[0 1 2 2] S^IC, *5£W\ZJ:nii. InGaAlP 
MP 5 KBlc, A I G a A s 3SSttB**l*'&*>-a-'6 

[0123] *«wt«tnai. tfru 
f ©# u— y *^<05ss«si&aE««-r-5 uti:,t 

0 C D £ D V D ©pC^rogltelCtt LTSitt^tt & © 
[0 12 4] *fgB^©ftt^*7W£0 2 6KWkL 

[0 12 5] -2f, *«Wfc±ntf, «R©«fi©3t* 
[0 12 6] ^KAftWcfct, *^BJfr«tn«. Ttfcf 

1 rati. 

[0 12 7] Tfcfc)*, #389iK:<fcntt, «£*J;Dt)» 

[01] *58W©3ttey^7y^03t****-rtfcft« 
fifc0Tr&&„ 

[02] *5gW®3t««3.zly ho3t**©««ac**"r 
il;§:*ttS10T*&So 

[0 3] *&w<Dftmm=L-v hfc*Mt*3t©ffls*« 
w?z>fzib(Dm&m-(i'&z>. mm (a) «- 

0tso, iw)0 (b) \**m\<D : ?t$m=L-v h\zi$K 

[0 4] ( a ) ^Ttffl p d 3 5 <Dm.mw-mmx'$> 

0. (b) tt. *Pv^AsSi^3 3 ©«fHg¥ffi0Tr& 


[0 5] *5fiW©3«Ra3.- y h 
«tBS&HI0T;fc-5„ 
[06] 7-y^-y-f F • ^>©T^>h^JSr^-r«WS 

[0 7] *5SWO»3 0*#:«*sg-r«ta:HT**. 

[0 8] #5B9i©*4©Afr«S£-r8fcS:BI'r»S. T 
fcfc-fe. RIBI (a) tt. *^©^£*«rL- y hCDSIP 
Sfl3tf«m PQH(b) tt, ^©S«aB#©&*£m0 

[0 9] *58WO*aM*:U— yTWCftWSWrSH-C* 

•5. 

[010] *»wo¥*ffu— y7Kco«e»i*** 
[011] *fgBjo^#:u— yru-f©«tt!W**5s 

Tl»X*g|$rM0-e&3. 
[012] *^©^#l/-if71/-f0|3M$S 

[013] *5!HJ©^#:l/— y7WO«jfi3Erffi*w 
T«lPi§XS»f®0T$.^o 

[014] *f&w<D*m#u— *f7i"(<Dmmi}m&7x 
[015] *m\<D*m&v— VTwnw&ijVk&Tfr 

[01 6] **(B©2| s «*U- yTl/-f©S!ig^^* 
T8lB§Xg»TB0T&5. 

[01 7] *»(flOtiftl/-1f7K©MfcE**w 
-f«lB§Xg»r®0T&3o 

[01 8] !f7KOiiKS^ 
*-*W&ie»rMB|-ca*. 

[019] *^Bj©*a»#:U— ^K^^X^bfe 

[02 0] (a) (b) tt, *:n^n*5£W<D¥m#U 
—*r7V^Q>Wm&Mt7 8 0 nmffll/- ysfc^WOfciK 

[02 1] (a) (b) tt, •€-n-?n*58^©*il«*:U 
— y7U"f ©fS*g$cS6 5 0 nm©k— y^BB©«SK 

[02 2] ^BJcDgiJwm^JlC^^^^U-r-y-'T 
WOfBiS«*7 8 0 nmOmaE-ttUjaflrtti^lB;*. 

[023] *%w<Dm<Dm&mzfrfrz>¥mfci'— $7 

V-{ ©fggfc66 5 0 nm©«sfi-7tffi*#tt<hf8igX 

[0 2 4] *^BJ©$?>^SiJ©flr^J©7 8 0 nmTE 
^E— h\ 6 5 0 nmTEt- K. 6 5 0nmTMt-h' 
© 3 fc'-A y7 l"f ©« ig^*-T»f®0T$>-5o 

[02 5] *PJ»DVDyXrA<D^D7i'ilT$ 1 

■So 

[02 6] Se*©DVDvX^A©^tf-y^T-yy<i:U 
T«3BSnTV»«t>OOAa!»«:«lricS*-r«lMBl7f* 
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[02 7] ft&<Dftm*3--y h<D$kmW£ffif&*i&? 

[028] mmtewnz^zm i co 2 tr — a u— if 7 w 

[02 9] BU0>W*ftW<D2 e-AU- IfTKOSrB 

[«F*<DBMH] 
11, 10 1 
10 4 
10 5 
1 0 6 
10 7 
1 0 8 
1 0 9 
1 3 5 


1 0 2 ttjfcap.- h 

14,104 3U^-h - 1/>X 

15, 10 5 ±Ll5±ifSi ? — 

16, 10 6 ftftjHR&Q 

17, 10 7 *t*U>X 

18, 10 8 CDf^X^ 

19, 10 9 DVDr^X? 
3 1,13 5 LD 
3 3 *n£f9A*T 

3 5, 1 3 6 t£tt}ffiPD 

4 1, 14 1 k— h->># 

5 0 1tyv^>h 

60 yU3>ssn yesm^yh 

210 n-GaAs 
2 11 n-GaAsA77rl, 
2 12 n-I n 0 5 (Ga 0-3 A1 0>7 ) 0 . 
y KB 
2 1 
2 1 
A 1 
2 1 
2 1 

2 1 
2 1 

2 1 

2 2 

2 2 

2 2 

2 2 
2 2 
(G 
2 2 
2 2 
y K 
2 2 
2 2 

2 2 
2 3 


3 In 0j5 (Ga 0i5 Al 0i5 ) 0.5**^ I 4 * 

4 ifcf|7 8 0 nmGaojAl o l A s/Ga 0 6 5 
0. 35 A s ^fi»^#FffilijI 

5 In 0 . 5 (Ga 0i5 Al 0>5 ) 0 . 5*** 

6 P-In 0>5 (Ga y Al 0t7 ) 0 -5 Pj6-*7 

7 p-I n 05 Ga 0(5 PX7f>^Xh7^i 

8 p-In 0(5 (Ga 0i3 Al 0i7 ) 0-5 P*=^7 
ff, 

9 p— I n 0t5 Ga 0 ,5P*ty^i 


n-GaAsl 
n-GaAsA777l 


n-I n 0 5 (Ga 0 3 A 1 0 7 ) 0-5 PSB-*7 


1 n 0.5 (Ga 0.5 A1 0.5> 0.5**^ 

5 0 nm<£> I n Q 5G a 0 5P/ In 0>5 

a 0 5 A 1 0 5> 0 5P^S»^#FffittB 

5 I n 0.5 (Ga 0t5 Al 0t5 ) 0 . 5 3Mf>f KH 

6 p-I n 0 5 (Ga 0J Al o 7 ) 0 .5 P ^-^ 
1 

7 p-I n 0 5 Ga 0 gPXy^Xh^^I 

8 p- I n 0 5 (Ga 0 3 A 1 0 7 ) 0-5 P«=*5 
B 

9 p-In 0 5 G a 0 sP+^ y^i 
0 S i 0 27Xi7 


n-GaA s fila^D y 
p - G a A s Ha6ii^B 
7 8 0 nml/-1f*fpW 
6 5 0 nmMlfpfi 

fgtgfc6 7 8 0 nmOK- tfftl^gP 
5£M$i&6 5 0 nm01/- tP^SB 
}fc67 8 0 nmTEt-KJSS©!/- If*^ 
ifc66 5 0 nmTE^E— KfgtgCDU— 
Sfi6 5 0 nmTM^— Kfg|g(&U— IfiR^ 
$17 8 0 nmTE^E-KSBSSOU-ifSR^p 

ifcft6 5 0 nmTE^E— K«fi(Z)lx— tf*Tp 

«6 5 OnmTM ; E-F»lB©l/-U ! *fp 


2 3 1 

2 3 2 

2 3 3 

2 3 4 

2 3 5 

2 3 6 

2 4 0 

2 4 1 

2 6 1 

2 6 2 

2 6 3 

2 6 4 

mm 

2 6 5 

mm 

2 6 6 

mm 

2 6 7 $g7 8 0 nmGa 0 9 A l 0>1 As/Ga 0t65 
A 1 o 35 A s #«»^#Fffitt« 
2 6 8 i&^6 5 0 nmCD I n 0 5 Ga 0 . 5P/ I n 0 5 
(Ga 0 5 A1 0 5 ) 0 5 P#m»¥#Ff£ttB 
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